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APPARATUS FOR COLLECTING BLOOD 
SAMPLES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a divisional of prior US. application Ser. No. 
10/304,299 ?led Nov. 26, 2002, now US. Pat. No. 7,044,941 
Which is a divisional ofU.S. application Ser. No. 09/492,060 
?led Jan. 27, 2000, now US. Pat. No. 6,520,948, Which is a 
continuation-in-part of US. application Ser. No. 09/364,628 
?led on Jul. 29, 1999, now US. Pat. No. 6,387,086, and 
incorporates by reference each of the above-identi?ed patents 
and/ or applications. 

BACKGROUND OF THE INVENTION 

The administration of blood or blood components often 
plays a critical role in the emergency and/or long term treat 
ment of patients. Blood or the individual components of 
blood (such as platelets, plasma, red blood cells, etc.) may be 
administered or transfused to patients to treat a variety of 
conditions. For example, blood may be administered to a 
patient to replace blood lost as a result of trauma, While 
individual blood components may be administered as part of 
a longer term treatment of patients suffering from cancer or 
certain blood related diseases. The blood or blood compo 
nents administered to the patient come from blood previously 
collected from donors. 
One of the most common blood collection techniques, and 

perhaps the most Well-knoWn, is the “manual”collection of 
Whole blood from healthy donors. As commonly understood 
and as used herein, “manual”collection refers to a collection 
method Where Whole blood is alloWed to drain from the donor 
and into a collection container Without the use of external 
pumps or similar devices. This is in contrast to the so-called 
“automated” procedures Where blood is WithdraWn from a 
donor and further processed by an instrument that typically 
includes a processing or separation device and pumps for 
moving blood orblood components into and out of the device. 

Regardless of Whether the blood collection technique is 
manual or automated, WithdraWing blood from the donor 
typically includes inserting a vein access device, such as a 
needle, into the donor’s arm (and, more speci?cally, the 
donor’ s vein) and WithdraWing blood from the donor through 
the needle. The “venipuncture”needle typically has attached 
to it, one end of a plastic tube that provides a How path for the 
blood. The other end of the plastic tube terminates in one or 
more preattached plastic blood containers or bags for collect 
ing the blood. The needle, tubing and containers make up a 
blood processing set Which is pre-steriliZed and disposed of 
after a single use. 

In the manual technique, the collection container and plas 
tic tubing may also include a volume of a liquid anticoagulant, 
While in the automated technique, a separate container of 
anticoagulant may be provided from Which the anticoagulant 
is metered into the How path and mixed With the incoming 
Whole blood. In any event, anticoagulant is required because 
of the tendency of blood to clot and adhere to the Walls of the 
plastic surfaces Which it contacts. 
An important consideration in any blood collection tech 

nique or system is ensuring that the system or set does not 
become contaminated by airborne bacteria or other foreign 
substances that may compromise the sterility of the system. 
Thus, the sterility of the above-described disposable blood 
processing set or system is maintained by minimiZing expo 
sure of the How paths and interiors of the blood containers to 
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2 
the outside environment. Such systems are commonly 
referred to as “closed” systems. 

After collection but prior to transfusion to a patient, the 
blood is typically tested for determining blood type and the 
presence of pathogens such as virus, bacteria and/or other 
foreign substances in the donor’s blood. Typically, testing of 
the collected blood requires obtaining a sample of the blood 
from the blood donor at or near the time of collection. 
One Well-knoWn technique of obtaining a blood sample is 

to simply WithdraW or collect the blood remaining in the How 
path of the disposable set after donation. This involves remov 
ing the needle from the donor, inserting the needle into a 
vacuum sealed sampling tube or tube and alloWing the blood 
from the How path to drain into the tube. HoWever, because 
there is a limited supply of blood remaining in the How path, 
there may not be enough blood to provide enough of a sample 
to perform all of the required or desired testing. Accordingly, 
if a larger volume or numerous samples of blood are required, 
the technician obtaining the sample may continue draining 
the blood from the tubing, eventually WithdraWing the col 
lected anticoagulated blood from the collection container. 
WithdraWing blood from the collection container, hoWever, 
may be less desirable in that it may expose the collected blood 
in the collection container to the outside environment. With 
draWing blood from the collection container for sampling 
also reduces the volume of available blood for later process 
ing and transfusion. 
An alternative to collecting anticoagulated blood from the 

collection container is to clamp off the How path near the 
collection container and divert the blood being WithdraWn 
from the donor to a collection (sampling) tube or tube of the 
type described above. This procedure typically employs a 
particular type of disposable tubing set having a preattached 
sampling site on the main ?oW path. Blood at or near the 
sampling site may be obtained by piercing the sampling site 
With a separately provided needle or other piercing device, 
and attaching a sampling tube thereto. To minimize the risk 
that the incoming blood (Which is intended for later process 
ing and transfusion) Will be exposed to the outside environ 
ment, the sample is typically collected after completion of the 
blood donation. 

Still another example of a blood sampling system is 
described in US. Pat. No. 5,167,656, Which is assigned to the 
assignee of the present application. That patent describes a 
disposable tubing set Wherein the How path includes an 
enlarged sample collection portion. Blood for sampling is 
collected in the enlarged portion by clamping off the How path 
near the collection container and alloWing the enlarged tubing 
portion to ?ll With blood. Once the desired volume of blood 
for sampling is collected in the enlarged tubing portion, the 
needle is removed from the donor and the blood is transferred 
to a tube by piercing the cap of the tube With the needle and 
alloWing the blood to drain into the sampling tube. 

While these knoWn techniques have generally Worked sat 
isfactorily, efforts continue to provide further improvements 
in the area of blood sampling. For example, as set forth above, 
the sample is typically obtained after the blood product (in 
tended for further processing and transfusion) has been col 
lected so as to preserve the sterility of the closed system. 
HoWever, if the donation procedure must be terminated 
before completion, there may not be an opportunity to obtain 
a sample directly from the donor. Thus, it Would be desirable 
to provide a sampling system in Which blood samples can be 
obtained either before or after donation, but Without the risk 
of compromising the sterility of the system and/or the col 
lected blood product. 
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In addition, as discussed above, the use of vacuum-?lled 
tubes or tubes is common in blood sampling processes. When 
such vacuum-?lled tubes are used, there is the possibility that 
the suction may cause the tubing of the blood processing set 
to collapse and restrict blood ?oW. Of even greater concern, 
particularly in small-veined donors, is the possibility that the 
suction may cause the donor’s vein to collapse. Thus, it Would 
also be desirable to provide a sampling system Where the risk 
of donor vein or tubing collapse is minimiZed. 

It Would also be desirable to provide a sampling system 
Which is integrated With the blood collection set and requires 
feW separate or external components. 

Finally, Where the sampling system includes a holder (With 
a piercing member) for receiving a sampling tube, it Would 
also be desirable to provide a holder that is compact in siZe, 
easily steriliZed and reduces the risk that the user Will inad 
ver‘tently come into contact With the sharpened tip of the 
piercing member Within the holder. 

SUMMARY OF THE INVENTION 

In one aspect, the present invention is embodied in a bio 
logical ?uid sampling system. The sampling system includes 
a ?exible plastic container comprised of ?rst and second Walls 
sealed together substantially along their peripheries de?ning 
an interior chamber. The biological ?uid sampling system 
includes an internal ?oW path With a proximal end and termi 
nating in an open distal end. The ?oW path extends substan 
tially into the interior chamber. The internal ?oW path pro 
vides the only access into and from the chamber and the open 
distal end provides the only opening in the internal ?oW path 
spaced from the proximal end through Which ?uid enters and 
exits the ?oW path. A sample access site, external to the 
container, communicates With the internal ?oW path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a disposable blood collec 
tion or processing set including a sampling system; 

FIG. 1A is a perspective vieW of a portion of an alternative 
disposable blood collection or processing set including a 
sampling system; 

FIG. 2A is a perspective vieW of another variant of a dis 
posable blood collection or processing set including a sam 
pling system; 

FIG. 2B is a perspective vieW of another variant of a dis 
posable blood collection or processing set including sampling 
system; 

FIG. 2C is a perspective vieW of another variant of a dis 
posable blood collection or processing set including a sam 
pling system; 

FIG. 2D is a perspective vieW of another variant of a dis 
posable blood collection or processing set including a sam 
pling system embodying the present invention; 

FIG. 3 is a perspective vieW of one embodiment of the 
sampling system; 

FIG. 4 is a perspective vieW of the sampling system of FIG. 
3 With an another embodiment of the holder; 

FIG. 4A is a perspective vieW of the sampling system of 
FIG. 4 With the holder open; 

FIG. 4B is a perspective vieW of the sampling system of 
FIG. 4 With the sampling tube disposed Within the holder; 

FIG. 4C is a cross-sectional vieW of the holder of FIG. 4, 
taken along 4C-4C; 

FIG. 4D is a partial cross-sectional vieW of the holder of 
FIG. 4 With a portion broken aWay to shoW the interior of the 
holder; 
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4 
FIG. 4E is a perspective vieW from the distal end of a holder 

With an attachable piercing member assembly; 
FIG. 4F is a perspective vieW from the proximal end of a 

holder; 
FIG. 4G is a perspective vieW from the proximal end of the 

holder of FIG. 4F in an open position; 
FIG. 4H is a plan vieW of the holder; 
FIG. 4I is a cross-sectional side vieW ofthe holder of FIG. 

4F taken along 4I-4I; 
FIG. 4] is a cross-sectional side vieW of the holder of FIG. 

4F taken along 41-4]; 
FIG. 4K is a cross-sectional side vieW ofthe holder ofFIG. 

4G taken along 4K-4K; 
FIG. 4L is a cross-sectional end vieW of the holder of 4G 

taken along 4L-4L; 
FIG. 5A is a diagram shoWing one step in the method of 

obtaining a blood sample; 
FIG. 5B is a diagram shoWing the step of collecting a blood 

sample; 
FIG. 5C is a diagram shoWing the steps of isolating the 

blood sampling system from the remainder of the processing 
set and collecting blood in the collection container; and 

FIG. 5D is a diagram shoWing the step of WithdraWing the 
blood sample from the sampling container and collecting it in 
a sampling tube. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Turning noW to FIG. 1 of the draWings, the present inven 
tion may be embodied in a liquid ?oW conduit set such as a 
disposable processing set 10, Which is particularly suitable 
for use in the manual collection of blood from a donor 11. The 
illustrated disposable set 10 may include a needle such as 
venipuncture needle 12, and plastic tubings 14 and 15 extend 
ing from needle 12 to a collection container such as a ?exible 
plastic container 16. A needle protector 17 may also be pro 
vided for retraction and storage of needle 12 after use. 
The blood processing set 10 may include a single blood 

collection container 16 or, more preferably, as shoWn in FIG. 
1, may be a multiple blood container system including addi 
tional containers 20 and 24. In accordance With the present 
invention, disposable processing set 10 includes a sampling 
system 18, described in more detail beloW. 
As set forth above, blood processing set 10 may include a 

primary container 16 and one or more integrally attached 
transfer containers 20 and 24. During use, primary container 
16 (sometimes referred to as the donor bag) receives Whole 
blood from the donor through integrally attached donor tub 
ings 14 and 15 and venipuncture needle 12. Container 16 
typically includes a suitable anticoagulant such as citrate 
phosphate dextrose (CPD), citrate phosphate dextrose 
adenine (CPDA) or acid citrate dextrose (ACD). 

Containers 20 and 24 may be attached to primary container 
16 by integrally attached transfer tubing 30 and 32. Contain 
ers 20 and 24 are provided to receive blood components such 
as, but not limited to, red blood cells and plasma that have 
been separated from Whole blood. For example, collected 
Whole blood in container 16 may be centrifuged to separate 
the blood into layers of such components. The heavier cellular 
components, such as red blood cells, settle to the bottom of 
the container 16 and the lighter, less dense components, such 
as plasma (With or Without platelets), remain in the top layer. 
The components may then be separated by expressing the 
lighter components through transfer tubing 30 and into con 
tainer 20. LikeWise, the heavier components may be 
expressed through transfer tubing 32 to container 24. Such 
“top and bottom” separation techniques and disposable pro 
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cessing sets are Well known and are available from Baxter 
Healthcare Corporation of Deer?eld, Ill. under the name 
Optipac®. 
Of course, it Will be understood that the present invention is 

not limited to the processing sets shoWn in the ?gures and that 
processing sets having different container and tubing con 
?gurations are also Within the scope of the present invention. 
For example, a multiple container system Wherein tubing 
segments 30 and 32 are both attached to container 16 at or 
near the top of container 16 may also be used. Container 24 
may include a volume of a preservative or storage solution 
Which is introduced into container 16 and combined With 
separated red cells after plasma has been expressed to con 
tainer 20. Such blood processing sets are also available from 
Baxter Healthcare Corporation. 

Containers 16, 20 and 24 and associated tubing segments 
of processing set 10 are typically made from conventional and 
approved medical grade plastic materials. One such material 
may be polyvinyl chloride that includes a plasticizer such as, 
but not limited to, plasticizers selected from the family of 
citrate esters, Which are described in US. Pat. Nos. 5,167, 
657, 5,100,401 and 5,026,347, all of Which are incorporated 
by reference herein. Containers made from polyvinyl chlo 
ride plasticized With citrate ester or other plasticizers are 
available from Baxter Healthcare Corporation of Deer?eld, 
Ill. Alternatively, and depending in part on the blood compo 
nents to be stored, containers may be made from other mate 
rials such as polyole?n materials With or Without plasticizer. 

Turning noW to the sampling system, as shoWn in FIG. 1, 
sampling system 18 may be integrally attached to the dispos 
able processing set 10 at Y-connector 40. In general, and as 
shoWn in greater detail in FIG. 3, sampling system 18 may 
include a container 42 having an inlet port 46 and outlet port 
50. Container 42 further includes an interior chamber 54 
de?ned by Walls 56 and 58 (FIG. 4) that are joined together in 
a facing arrangement. Walls 56 and 58 may be made from 
sheets of extruded plastic. Container 42 may be made by heat 
sealing together Walls 56 and 58 or by any other method 
knoWn to those of skill in the art. Preferably, Walls 56 and 58 
mayj oined together by radio frequency (RF) sealing the Walls 
substantially along their peripheries. A bushing 47, (typically 
made of polyvinyl chloride) may be included at, for example, 
inlet port 46, and may also be RF sealed to Walls 56 and 58. 

Container 42 (or the Walls 56 and 58) may typically be 
made of any conventional medical grade plastic material that 
is sterilizable by knoWn sterilization techniques including 
autoclaving. One such preferred material is polyvinyl chlo 
ride With a plasticizer, such as a citrate ester (e. g. n-butyryltri 
n-hexyl citrate), as substantially described above. Of course, 
other knoWn plasticizers such as TEHTM and DEHP may 
also be used. In one example, the material used to make Walls 
56 and 58 may include approximately 70%, by Weight, poly 
vinyl chloride and approximately 30%, by Weight, plasticizer. 

Container 42 may also include drain tube 43. As shoWn in 
FIGS. 3-4, one end of drain tube 43 is attached to container 42 
and may provide outlet port 50. Preferably, drain tube 43 may 
be RF sealed to container Walls 56 and 58. Drain tube may be 
made of any typical medical grade material such as polyvinyl 
chloride With a plasticizer. Drain tube 43 extends substan 
tially into interior chamber 54 and terminates near inlet port 
46. Extending drain tube 43 substantially into interior cham 
ber 54 assures that the end of drain tube 43 Will reside Within 
or near the liquid inside container 42, making it less likely that 
air Will be present When liquid (such as blood) is WithdraWn 
from container 42 into a sampling tube. Tube 43 also sepa 
rates Walls 56 and 58 to provide chamber 54 and assists in 
preventing Walls 56 and 58 from collapsing during, for 
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6 
example, heat sterilization. As shoWn in FIG. 3, in a preferred 
embodiment, interior chamber 54 may be generally circular. 
This may alloW, for more complete drainage of container 42 
by eliminating comers Where the blood may be retained. In 
one embodiment, interior chamber of container 42 may have 
a volume of approximately 20-50 ml and, more preferably, 
approximately 30-40 ml. 
As further shoWn in FIG. 3, sampling device 18 may 

include tubing segment 62 attached to container 42 at inlet 
port 46. Tubing segment 62 may be attached to container 42 
and, more speci?cally, bushing 47 by, for example, solvent 
bonding. The other end of tubing segment may be bonded to 
Y-connector 40. Tubing segments 62 may further include an 
openable barrier 64 such as a frangible cannula or connector 
ofthe type described in US. Pat. No. 5,330,464, assigned to 
the assignee of the present application and incorporated by 
reference herein. Barrier 64 preserves the sterility of the How 
path de?ned by tubing segment 62. FloW restrictor clamps, 
such as Roberts clamps 65 and 66 (FIG. 1), on tubing segment 
62 and tubing segment 15 may also be provided to alloW for 
How control through blood processing set 10 by the techni 
c1an. 

Sampling device 18 may further include a receptacle or 
holder 68 as shoWn in FIG. 3. As Will be described in more 
detailed beloW, holder 68 is adapted to receive a blood sam 
pling tube 70. Holder 68 may be attached to container 42 at 
outlet port 50 to provide an integrated system. In one embodi 
ment, holder 68 includes distal end port 69 Which may be 
mated With and bonded to outlet port 50 prior to heat steril 
ization. More preferably, distal end port 69 may be bonded to 
drain tube 43. Subsequent heat sterilization forms a bond 
betWeen the polycarbonate material of distal end port 69 and, 
for example, drain tube 43. Of course, other Ways of bonding 
holder 68 to container 42, such as solvent bonding, may also 
be used. Alternatively, holder 68 may be separately provided 
and attached to outlet port 50 at the time of use. 

In one embodiment (shoWn in FIG. 3), holder 68 may have 
a central body portion 71, generally in the shape of a holloW 
cylinder. Holder 68 is open at its proximal end to alloW for 
insertion of sampling tube 70. Holder 68 may be made of any 
plastic sterilizable material. Holders of the type generally 
discussed above are available from, for example, Becton 
Dickinson Co. of Franklin Lakes, N.J. 

Holder 68 may include a piercing member 74 as generally 
shoWn in FIG. 3 (or FIG. 4 and 4C). Piercing member 74 may 
be a needle, cannula or other biocompatible device having a 
sharpened tip. As set forth above, piercing member 74 
includes a piercing end 76. Piercing member 74 may be made 
of any material of su?icient strength such as metal or plastic. 
In addition, end 76 of piercing member 74 may be enclosed 
Within a protective sheath 80 (best shoWn, for example, in 
FIG. 4C). Protective sheath 80 may preferably be made of a 
?exible material, such as latex, Which is capable of being 
penetrated by the tip of piercing member end 76. Also pro 
tective sheath 80 shouldbe suf?ciently resilient to return to its 
original shape (covering end 76) upon WithdraWal of sam 
pling tube 70. 

In an alternative embodiment, holder 68 may be provided 
With an interior pocket Which may be conformed to receive 
the sampling tube, as generally shoWn in FIG. 4. As shoWn in 
FIG. 4E, holder 68 may include a proximal end 110, a distal 
end portion 114 and a generally rectangular central body 
portion 118 having oppositely facing Walls 78a and 78b (FIG. 
4G), Which de?ne an interior pocket 81. Walls 78a and 78b 
are longitudinally hinged or creased to alloW for ?exing of 
holder 68 as shoWn in FIG. 4A. More speci?cally, as shoWn in 
FIG. 4F, each of the facing Walls 78a and 78b may include a 








